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Previous work has resulted in the selection and basic design of a 
two-pier cross-ariS telescope ConfQuration, using oil-pad bearings for the 
polar axfs and roller bearings for the declinaticm axis. The approximately 
lrJ5-inch fused silica F/4 primary w i l l  have a modified Bitchey-Chretien 
figure, with principal wide-field Cassegrain operating a t  f/9. 
focus of about f / 3 0  feeds into a horizontal &floor coude room which uses 
most of the dome diameter more than 75 f ee t .  
m i r r o r  began early this year, aad is making good progress. 
has irzcluded the beginning of specific optical designs, buildup of staff,  
and study of site, buflding and dome problems. 

The coude 

Fabrication of the primary 
Other progrese 

B. m e s s  durina the Period - 23 June - 22 SeDteniber 1965 

In this reporting period, the rapid progress of detailed design 
work made clear where final design decisions were necessary. 
these depi8iona involved trade-offs in several areas, notably those of 
weights, balances, flexures and bear- loads, of optical f i e l d  s ize  ver- 
sus obscuration and diffraction, and of complexity and cost versus flexi- 
b i l i ty  and operating mnvenience. 
philosopy of procedure for obtaining optical and mechanical contractors 
with demnstrated experience and ability. 

In particular, 

It was also necessary to  develop a 

An August meeting in LGS Angeles with the NASA technical adminis- 
trator, Dr. William E. Brunk, emphasized quest%- of speed of project 
completion and compatibility of the imwediate NasA interest h a  planetary 
work with the over-all scientific desirability for a telescope of marsmVm 
power and versatil ity not only for present needs but also for developments 
t o  be expected during its 30 to 50 years of useful life. The prime focus 
optlon was eliminated from consideration as an Item t o  be funded by NASA. 

Mr. J. Texereau, optical consultant from the Paris Observatory, 
was available for seven days during this period, and was instrumental in 
our  selection and planning of details of the Couder method of mounting 
the primary mirror. Mr. Pexereau also asabted in evaluating the capabil- 
ities of the very limited number of optical firms with the demonstrated 
ability to  do work of the size and precision necessary for thls telescope. 
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To the best of our knowledge, the mjor c r i t i c a l  design decisions 
concermhg the telescope have llow been made, and C h a r l e ~  W. Jones Engineer- 
ing is in the process of producing finel drawings and specifications suit- 
*Le fer solicit*-ng bids for shop drawings and sonstsuctiaac 

C. Spe~if lLc Pronrcss and Properties of the Design 

In 8i#tly greater detail, the pr inc ipa l  features of the telescope 
are  now as follows: . ,  

1. Optics 

Three basic types of optical  system are  required, to produce res- 
pectively a long-focus coude, intermediate focus Cassegrains, and 
short-focus Newtonians. Configurations have been selected giving ap- 
proximate factor-of-two steps in focal r a t io  and angular scale (hence 
factors of about four in speed), ranging from Newtonian F A  through 
Cassegrain f/9 and f/18 t o  coude €/33. Each of the focal positions 
has several important uses. The Newtonian encourages f a s t e s t  photog- 
raphy of faint objects, offers probably the best opportunity for 
deepest-penetration in f a m e s s ,  and in particular gives nnich the 
largest potential  area of well-corrected f ie ld .  The short  (f/9) Cas- 
segrain ha8 the only secondary exactly f i t t i n g  the coma-free Ritchey- 
Chretien condition, hence is the only focus giving all-reflecting wide- 
f i e l d  (- l/2*’) images of high quality. Because of the  potential  im- 
portance of t h i s  focus for a variety of auxiliary instruments- some 
of them possibly bulky - @m@e o f  these focal pointq in addition t o  
the conventfonal one behind the primary, are provided in the form of 
broken Cassegrain (Nasmyth) positions on the s ide of the telescope 
tube, the  beam being deflected t o  these a t  w i l l  by the  rotatable first 
coude flat. Although ccma-free, the f/9 f i e l d  has objectionable as- 
tigmatrsm toward its edges, along with considerable curvature; a simple 
single-element quartz aspheric corrector should make possible a 321 
f ie ld ,  having curvature mild enough for even thick photographic plates 
to be deformed t o  it. Although the  f/9 focus as designed provides a 
good compromise with canflicting needs for relatively fast exposures, 
adequate scale, large field,  and fine image quality, nevertheless it 
falls short  of being able t o  deliver the highest resolution attainable 
by the telescope. Thls arises because of the still only modest scale 
a t  f/9, and because the large central  obstruction (reaching a maximum 
of 48% of diameter, 2- of area when the full-field sky-shield is used) 
causes sipificant diffraction into rings even beyond the fifth. Use 
of a special. f/18 Cassegrain mirror reduces the central obstruction to 
tha t  irreducible minixnxrn produced by the 30-inch central hole in the 
primary, obscuring only 8% o f  the area, but in  particular significantly 
improving the  central condensation of light in image points. This ef- 
fect is especially noticeable in the photography of extended objects, 
where the high-order diffraction rings spread out l i gh t  from every 
bright point of the mrfaee, causing a severe washing out of low- 
contrast detai l .  
lnally proposed) resulted from a comprcmise forced by the design. 

The final coude f h s t i o  of 33{instead o f  30 as orig- 
To 
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krtcp the coude f late  small enough t o  be relatively easily handled, and 
t o  centrally obstruct a8 little of the beam as possible, the longest 
f / ra t io  was chosen w h b h  is still compatible wi th  t h e  appmxbately 
24-inch collimator beam proposed for the coude spectrograph. This  
has no deleterious effect on the perforraance of the coude spectro- 
graph itself, and Slfghtly increases the amunt and central  condensa- 
tion of light to the coude focus images, 

2. rube 

The principal optical elements are contafied in or attached t o  a 
conical eteel tube approximately I2 feet in outside diameter and 24 
feet long. This closed-tube configuration was chosen both for r ig id i ty  
and in expectation of obtain- be t te r  tube-seeing. 
ondary mirrors w i l l  be permanently mounted in one of several. cages, 
individually attached t o  the tube in a manner to allow relatively wick 
change from one optical  mode to another. 
are designed: 

Each of the sec- 

Five interchangeable cages 

a. Cassezrain-Coude Cane 

This cage, &tended for routhe operation of maximum versat i l i ty ,  
contains both the f/9 Cassegrain secondary and the standard alum- 
inized f/33 coude secondary. The two mirrors are motmted back-to- 
back in the cage so that ei ther  may be selected by simply rotating 
the cage end for end, using the dome crane. Normally, the sky 
baff les  would remain installed in this mode. The nightly observ- 
ing program could use at the coude m y  desired combiaatfon of spec- 
troscopy, photography, and image-tube work, also a t  the direct  o r  
broken Cassegrafn any desired combination of wide or narrow field 
f19 photography, spectroscopy in the  middle to low dispersion range, 
photometry, polarimetry, infrared work, and perhaps other programs 
as we=. 

b. High Resolution Caseenrain Cage 

A quite special  cage is required, solely t o  hold the small f/l8 
Cassegrain mirror relatively close to the prime focus position. 
this configuration to be used most  effectively, the baffles must 
be removed, along with the first coude flat, normally by the day 
crew- When so aet up, the telescope would be used primarily for 
highest resolution photography, but also for photometry and per- 
haps spectroscopy of the fafntest  objects where the 1596 light gain 
could be useful, and i n  any event for more mutine photometry and 
spectroscopy should the seeing not permit highest quality work. 

For 

c Large-f i e ld  Newtonian Cane 

Fas t  photography with the telescope, at l e a s t  with present mate- 
rials, requires the relatively short f h a t i o  produced directly by 



4. 

the prinrary m i r r o r .  In addition, our optical  parmeters permit the 
achievement of an unusually wide p r h  (Newtonian) field, exceed- 
ing 2.. This f i e l d  is second only t o  that produced by f u l l  Schmidt 
instruments and has advantages of scscLe an8 light-gsthesing pOW€!F 
over even the largest Sdmddts. The Newtonian focus also is for us 
the only one permitting study, alignment, and support adjustment of 
the primary m i r r o r  by i t se l f  - very intportunt during installation 
end 001 e r t b e w  0ccasi0na when checking conditions of the support 
systems. 
best be achieved by haviry3 the observer ride the telescope in a 
small  chair-cage attached to the side of the fu l l  Hewtonian secon- 

Access t o  the Newtonian is diff icul t ,  but can probably 

dary cage- 

d. Suoer-reflecting Coude Cane 

Two coude secondary mirrors, mounted back-to-back with either 
being aeleeted by rotating the cage end for end, if technology per- 
m i t s  are t o  be given super-reflecting coatings respectively in UV- 
green and yellow-IR regions. Operated without sky baffles and with 
the nav choice of coude f h a t i o ,  these would obscure only about 
14% of the beam,a win of lO% over the conventional coude. 
l ea s t  10% higher ref lect ivi ty  over working aluminum coats can be 
obtained end nmfntained with the special coatings, then for pure 
coude work, this cage w i l l  permit work on objects several tenths 
of a magnitude fainter than with the standard cage, or nearly a 
fourth a e i n  as much work on "nomrtal* objects per night. Since 
fast, highdispersion, high-resolution coude spectroscopy is a 
major goal of this telescope, the gains which might be achieved by 
this cage option should not be ignored. 

If at 

e. Small-f ield Newtonian 

Whereas the wide-field Newtonian requires a moderately large 
Newtonian flat and a substantial  multiple-element modified Ross 
corrector, it is possible w i t h  a simple quartz aspheric t o  generate 
even with the Ritchey4hretie.n primary a usably large on-axis blew- 
ton- field of high definition. 
&mematian QT-d the m i n b u m  optics, t h i s  focus offers the best op- 
portunity for  short focal length work (high-speed photography and 
perhaps high-speed fmage work, also associated photometry and 
nebular spectroscopy) going down t o  the f a in t e s t  objects normally 
attainable with the telescope using laoderate exposures. This cage, 
although the simplest of all ,  nevertheless also requires a seat ing 
arrangement for the observer. 

Because of the smeller central 

The t o t a l  telescope system also requires other m i r r o r s ,  of course, 
t o  bring the beam t o  the coude. Of these, the t e r t i a ry  (first coude 
f l a t ) ,  in the tube a t  the decfination axis, is mounted on a remotely 
controlled mechanism that  folds the  mirror out of the Cassegrain beam. 
In addition, t h i s  mechanism is on a bearing so arranged as t o  allow the 
mirror t o  ro ta te  through 270' to  produce three positions of folded 



Cassegrah focus a t  t h e  Side8 of the tube, in  addition t o  the coude 
beam. 

wken the telescape i s  not in use, the prfmary and tertiatly m i r r o r s  
are protected by a hinged-flap cover system located inside the  telescope 
tube. 

?he quarteraary (second coude flat) located in the polar axi8, is 
designed .a a relatively thick (lo-iach) mfrror both sidea of which are 
to be f-d a8 flat& One (or perhaps both) will be given euper- 
reflectbg coatings; the *or, on a motor-driven pivot with front- 
BuffcIcB definlq polnts, can be rotated at w i l l  by the observer t o  
select the most eff ic ient ly  reflecting face for his work. 

Still a third coude flat is required below the end of the polar axis 
to fold the beam back into the sub-floor coude room. Hclwever, this flat 
is only a few inches  in size, and will real ly  be many f la ts  on a turret ,  
each coated f o r  near 100% ref lect ivi ty  in a wavelength range of interest .  

The telescope u t i l f i e s  the cross axis (English) moimting, desirabre 
especially because of the large c lear  convenient Caesegrain focus and 
the shple baaic four-m&?ror coude. 
the polar axis structure by a pair  of very large bal l  bearings, snechani- 
cally tim umst critical point of the design- A separate des- study 
has canfinwd C. W. Jones Engineering's atatement that the probability 
of bearing failure can be reduced e h s t  arbitrarily close to zem, and 
that smoothness of motion of one or two tenths of an arc-see should be 
preeent . 

The telescope tube is connected t o  

The polar axis structuru? rotates on four oil-pad bearings, two each 
on the north Bnd south ends of the polar Bxis. In addition, the north 
pier carries the thrust &ad by means of a longitudbal o i l  pad. 
worm, ancl worn wn eel, ror convenxerace o t  access ~ n d  service, are mmn- 
venthnally located a t  the upper end of the  polar axis, on top of the 
north pier. Telescope balance is achieved by built- in counterweights, 
by manually instal lable  trinr counterweights, and by roughly a ton each 
of -tor-driven counterweights in d e c l h t i o n  and in right ascension, 
w i t h  accurate positioning dials. 

The two piers are constructed of reinforced concrete and are isolated 
from the building. 
direct ly  to the  two telescope piers, t o  obta3.n and hold proper alignment 
of the spectmgraph wfth the coude beam. 

Drive, - - - -  

The horizontal coude spectrograph frame is mounted 

4. Drive and C m t r o l  

The 105-inch telescope right ascension drive mechanism is t o  be speci- 
f ied  as a standard gear reduction design feeding into the drive worm, as 
with most  of the recently built telescopes, with the exception that the  
position indicators and the control unit e lec t r i ca l  inputs w i l l  probably 



be digit81 devices. fiowver, a flexibility of correction to the drive 
worm ie to  be provided, 80 that tbe builder originally, or we mzy 
later, substitute a torque motor or even 8- other syetem should the 
advantages becane comrinCbg. 
sliwly lower perfonsance specifications but higher power requirements 
because of the bearing friction to be overcome. 

A similar system abn declination has 

'Ihe above features, and many other details, rme indicated on the 
met recfmt g€?II€!ral assePbLy -aut d r 8 w h g  [Jones Print C660E200) and 
the newly-revised 76-foot dome elevation and floor plan drawing (Texas 
Print 2WM) attached in reduced scale at the end of this report. 

D. Personnel Connected with the Contract 

D u r i n g  this reprtirq period, part-tfne or full-time employees under 
the contract included: 

E. Financial R e D o r t  

NASA Form 1030 (2-64) for this contract l.8 submitted quarterly by 
the Auditor's O f f i c e  of The University of Texas. 
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